The following measurements were made in normal children, children with primary hypertension, and children with secondary hypertension: erythrocyte intracellular sodium concentration, total sodium efflux rate constant, and maximum binding of ouabain to erythrocytes reflecting the number of sodium/potassium adenosine triphosphatase pump sites. Children with primary hypertension had a significantly higher mean erythrocyte intracellular sodium concentration (8-2 compared with 6-6 and 6*7 mmol/l cells), and significantly lower total sodium efflux rate constant (0.5071 compared with 0-6983 and 0-6197) and maximum binding of ouabain to erythrocytes (9.1 compared with 11-7 and 11.0 nmol/l cells) than normal children and children with secondary hypertension, respectively. Samples of 5 ml of fresh heparinised blood were taken; 2 ml of each were used for measurement of the 22sodium efflux, and the remaining 3 ml were separated into plasma and erythrocytes at 3000 rpm.
Since the original report by Losse et al in 19601 that intracellular sodium was increased in the red blood cells of patients with essential hypertension, various abnormalities of ion transport have been reported in patients with primary hypertension,24 and it has been postulated that essential hypertension may be caused by disturbance of membrane electrolyte transport. Because it is difficult to study the cells in the walls of blood vessels where abnormalities may affect blood pressure, circulating blood cells-for example, leucocytes and erythrocytes-have been used to study the transport of electrolytes across membranes.
Few studies have been undertaken on transport of sodium across cell membranes in children with hypertension.5 6 We therefore undertook a study of erythrocyte sodium transport in children with primary hypertension and compared the findings with those in normal children and in patients with secondary hypertension.
Subjects and methods
We studied 15 normal children who acted as controls (range 5-15 years), 12 children with primary hypertension (age range 12-16 years) , and 27 children with secondary hypertension (age range 5-15 years). Samples of 5 ml of fresh heparinised blood were taken; 2 ml of each were used for measurement of the 22sodium efflux, and the remaining 3 ml were separated into plasma and erythrocytes at 3000 rpm.
The erythrocyte intracellular sodium concentration was measured by flame The binding of ouabain to erythrocytes was measured by a modification of the method used by Gardner and Conlon.8 Packed erythrocytes, which were washed three times with cold isotonic saline (4°C), were resuspended in trometamol (TRIS) buffer (sodium chloride 130 mmoL/l, sucrose 20 mmol/l, glucose 10 mmol/l, and TRIS 10 mmol/l, pH 7.4) to a packed cell volume of 0-15. A stock solution of ouabain (100 mmol/l in 10% ethanol) was prepared and kept at 4°C.
A sample of 100 il of 3H ouabain (37 Ci/ml, Amersham International) was placed into a glass tube and evaporated under nitrogen. The residue was redissolved with 500 ,ul of isotonic saline, of which 100 RI was diluted in 2*6 ml of isotonic saline on assay. Two fold serial dilutions were then made four times. Of the erythrocyte suspension, 300 [tl were incubated with 50 [tl of the diluted radioactive ouabain at each dilution, and with 50 RI of isotonic saline or 1 mmol/l of cold non-radioactive ouabain at 37°C for two hours. Subsequently the unbound ouabain was removed by washing three times with isotonic saline, and the final pellet resuspended in 200 ,ul of 10% trichloroacetic acid.
After centrifuging 100 RI of its supernatant was used for liquid scintillation counting (LKB; 1210 Ultrobeta) in 3 ml of Cocktail T (British Drug Houses).
Non-specific binding was estimated by replacing 50 p1 of isotonic saline with 50 gl of 1 mmol/l of cold ouabain. The amount of ouabain specifically bound was calculated by subtracting the non-specific counts from the total counts. Maximum binding of ouabain to erythrocytes was calculated using a curve fitting computer programme. All 
Results
In the children with primary hypertension, mean erythrocyte intracellular sodium concentration was significantly higher (8- control children (6.6 (0.32) mmol/l cells), and in children with secondary hypertension (6.7 (0.26) mmol/l cells) (p<0.05) (fig 1) . In children with primary hypertension, mean total sodium efflux rate . group.bmj.com on November 8, 2017 -Published by http://adc.bmj.com/ Downloaded from Sodium transport in erythrocytes 227 tension, suggesting that this system could also be a marker for essential hypertension.'1 A third system is the sodium pump, which is the best described and most widely studied pathway for cellular sodium homoeostasis. The activity of the pump system is consistently low in white cells of adult patients with essential hypertension,12 13 but inconsistent results have been obtained in erythrocytes that are thought to be caused by the activity of the pump being much slower in erythrocytes than in white cells.9 It was impossible to study white cells in children, however, because more than 100 ml of blood would be required for each assay, so we chose to study erythrocytes by measuring erythrocyte intracellular sodium concentration, total sodium efflux rate constant and maximum binding of ouabain to erythrocytes instead of sodium/lithium counter-transport or sodium/potassium cotransport.
Few studies have been undertaken on erythrocyte sodium transport in children with primary hypertension. Mongeau5 6 reported that children with labile hypertension tended to have decreased sodium/potassium cotransport and those with stable hypertension increased countertransport. Although interesting, however, these findings may not contribute to our understanding of the mechanisms concerned in developing hypertension, because the methods used for measuring sodium transport either reflect activity of a system with little physiological importance or rely on laboratory induced unphysiological conditions.
In the present study eight children with secondary hypertension were receiving antihypertensive drugs (captopril, propranolol, or hydralazine). We did not find any differences in erythrocyte sodium transport between two groups of children receiving or not receiving hypotensive treatment, even though the drugs used have been reported to have some effect on sodium transport across the cell membranes in adults.14 The children who acted as controls were age matched with the children with secondary hypertension, but the children with primary hypertension were a little older. We have not, however, observed any differences in erythrocyte sodium transport associated with age in children after infancy. Differences in age and medication were therefore negligible among the three study groups.
Our findings that children with primary hypertension had significantly higher erythrocyte intracellular sodium concentration and significantly lower total sodium efflux rate constant and maximum binding of ouabain to erythrocytes than control children and children with secondary hypertension, confirm results reported by workers studying adults with hypertension. It 
